
cal
the
ble

A major purpose of the Techni-
Information Center is to provide
broadest dissemination possi-
of information contained in

DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,

portion of this
state and local governments.

Although a small
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA4JR -S9-2i’06 LA-UR--89-2706

DE89 016769

Au THOR(SI ,Jtlllll R. (:mpl)LIl 1 dnd Iiiunm P. N1’(:ilvr;ln

IILS(I.AIMIIR

,. 1!. .!. ,. ,1 ,, ..s..,.. s.,1 ,, “

,. .,..., ... .,,.. ,* ,!,,, ., i ,. ,,. I ., ,. ,,, ..,..0. .,. , , ,.,., ,s,,,.

., ..!,, ,, .,,.. ,O,,,,,,ii, ,.. ,.. ,”! 11,,, .,. , 1. l.. ● .* ,... , , .,,., 1,, . 1, ,. ., .<, , m.. I ,. m . :l,. ,.~rli. H. I .1 I ,!. ,,

. . . . . .—. - ..— —. . ..-

,.,,.,.,., t 1!’,.

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



An lntegratecl Distributed
Processing Interface for
Supercomputers and Workstations

Abstract

simultil ions (It

supcrwmpuwr

improving rtlis

;II [.OS Aliul]os

Introduction

\l 111!’ I Il. \l,lll141\

II, II IIN, II,’I I I \\ ’llll!’

,N,lllllll,ll I ,11Nll,ll(ll\ If!” ll,l\[” I lil\l ,lll;l\ Ill ( Illlll)llllllp

1:11’. Il,llllmill[’ iv!”’.rlll’. milt 111( I(”llltdt’ IN II I” III I;l I 11~ III(’

ll\illl\ ..( l(”l, !l,. !.,. Ii}; lfllt”l)lmllli 1.111”., ,11111 1“11~111(’t”l’. {~ 1}11 II’!{” I\ Ill 1;1( Illllr’.. II

,11”.11~vl””d’111’, ‘.lh”( 1,11 IV IIIA” IJI’! Ill 11’1111’,(II Illll”litlllllrl 111111’1Iw-lwwll 1111”

\ .Illllll.! I Illll[ulll”l’! ,1111111’.,1}11’IIt 111111,11lllllr\ Ilrt ,lll\(” (It 111(” Illlllllx’1 ,11

Illltl’11”111 I ~11111)111(”1I,lllk’llill!t”. .Ill(l l!lk’lilllll~ ‘1\\lrlll’1 II I’1 Ill fll(llll till tllll



users ro control the tlow of intimation in [heir ilpplic:ltions. Compounding
these difficld[ies Me [he differrnr Iiwguiqxs used in our viuious disciplines.

We are con(ilm:dlv confronted by hidw:ire and software thnt is either IO(1
silnplisric for a given i]ppli~~tioll. or that is ianguqe tmum! ( i.e. its effective

use is inllibifed by volumin(ms verbiage). An example of this lunguiige

Iwrrier is ●1w documentation we huve ;111 faced when presented with new

L’ilpilbil ities, Volumrs (It’ insm.wion Inmluills (II1 1101 compensate for simple

pictoriid exumpies of :Ivnddde rods i~d their inrerrelmionshipsl 2].

:\lmlhcr prohlcm we all fil~~ is our i]~~ess :(I t(ds like the SLATEC[3 I

mnth i ihrwy. This Iihriu-y is composed of several thousand routines hv
Illillll’ ;IuIhoIx iul(l ctich iiu[hor uses his own terminology for cornn)tm
otli~c’ls like (kpemknt VMiiltll~!i, wx)rk w-revs, and so forth. The reference

111:11111:11fFXplililllll# ~il~.h m[hor’s terms for these ob~cts is usudlv

l’(’~lll;lltle(i in il !i~p:lrilI~ conlpendimn. Whilt W~ reidl~ w,~t t(-) h~v~ is WI on-
IIIN* i]ier;trc.hic;ll (lo~’tllllent;ltioll 1001 thilt w(wI(I idl(~w us I(I s~i~r~ll for

;Ipplrqlrt:ltd pr(lgrillll.$ t’or the lilSk W hand ilml give us exwnples of edch

Iollrlllt” “s tIS~Ige, Wr w(wI(I like [his setirch to occur with i] minimum (If
lvplllp. und wi[houl hwinp I(J learn the documemation tool syntax in

;I(hli[l(m I(I IIW\’ilriddr nwtiri(m (It’ the Illii[h I(N~l.
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Tool Access

[X)(’ is i) progr:un Ivrirwn in [he (- programming language that implements
n](w.w r(I exrr:kv (Ioc-[llllelltalillll for n pw?iculw subroutine from ii libr~~

(II lll;llllt~lll;l[i~.;[]Sot’twilrr, II is t’(x-dproot’ in Ihe sense [ha[ i[s user hits only
I~J WleUI t’mm ;I series ~Jt menus. hst menus Me activated 13y pushing

IIUIIOIW u’itll the n;une of Ihe particular lilwq. such m SLATEC. This
“’111(111.sdc“Iiuk” ilL”l iViKS il IIWIIU of IIW IliUlleS Of’ categories cxmtaintd in Ihilt

lilvm-y lVhen IIN=mousr is moved :0 [he right of a pi~i~ul~ catego~, its

l’t)rrt.xlloll(lillg illh’iltej!(~v menu pops up ..kvivating the suhcategory”s
pullriphl Iuenu ~“:urses ils ~wrrvsponding subroutine menu 10 pop up.

Scit*LI IIm (d’ ;) p:~i~uliu rmrine by clicking rhe mm.tse over the name of thi.u
IIJIIIIIIc.l“;lwsrs 1[s (les~qrlpfion I(J :Ippear in ii section ot’ Ihe window thilt Cilll

I,c, ~.;l~il\ xL’r(Ille(l up ;11](1 (IOW’11. TIIIIS ihe user (Jt’ IX)C Iliis iI simpk.

le\ptulsl\”t’ Inelh(l(l Ior underst;uldirt~ Ihr dpprf)prlilIC USil~C for r(w!ines ill
111;11 Illlliul’
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I)f )(’ tl(ws <illlple il][erproce\s c(munurliu~ti(m hut the Berkeley version ()[

IIllixlfl Ilkls :1 concise wl~l efficient lll~iillS of uommunica[ing between
lnultiple processes mnning (m [he s.me or different CPUS. ‘The imerpmcess
~wmmuni~ mion or IPC tools allow us to share memory urd exchange
Illrss:lges Iwtwtvm pr(wmses. WI(I to synchronize processes through
s~lli;~ph(}res. TINJS. in the particular example of DOC. the Itircncy rime of
\e\’r I’d Wc(mls needed m start up the process that generates the
suhr(wllne IIWIN.I U(NIIJ k Improved by having u separate program running.
‘l”l~i\ qmrme progrmn would generare the megnry and suhcatego~
II WIIUS iUMl IIWI1 ~(~ Info ;I \\r;lit SI;IW unril ;I signal ~ils passetl ;Iski[lg it I()

\\:IkL. 1111 II \\twill IheII rt~il(l [he [l)~ssil~~ \[i\~k [() (Ietermim w-ha! ser (If

111(’11[1 Ilt’ills IIIC user I1;I(I wlcctc(l. Fimdly if would genernre the
,IlyM (}l>rlilt~ suhr(wr ine IVIIIIeS wl(l le:Ive these (m [he menu stack (It
Illrss; lpr% ,.!gge(l 1(1 keep Ihl? rolmrnlifll~il[iorls” s[ril~gl)[ Un(j go kl~lt to

“1’”.. 1111 \V I]rll fht’ ;Ipproprlnre St!lllilptlorC W:IS set indicating Ihti[ it Wils

I I(UW. the \vIIMl(w mannpmg program woulcl read the message sttick for
.Ilymqwl;llel} Ingge(l Iltms aml mmti\’;lle Ihe ~wrrect menu for [he user to
( Il{l(lw II”IJI1l

Distributed Processing
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client progriun running on [he local machine as if the routines in the remote
t’ile were linked int(} the client.

It rtw two ~wmpurers htive differenr internal byte representations for tloars.
IIW grrs. and other variable rvps. they mus[ he interpreted so that eidl

mxhin~ refers m the Siin-ie numerical value fm the same variable. The most
L’OI11I11OI1rechnique f(~r [his dara correction is the external ciat:i

represent:lti(m or }~DR. 1Ising .XDR“s. the vnrialdes are interpreted in
IEEE st:mdanl fonmu before Ihev are sent over rhe network to the other
~“!}lllp[lter, ,At [he receiving end the dotu is then deciphered in ihe native
hyw representati(m d’ [hat computer.

Ill’{ “()~~ is iUl example Of the use of ii wrwkstarion cmlple(l [(l il
wperc(mlputer. Ii uses iI supenmmputer io inrepwte rhe ordinary
(Iitl’erem id quwi(m (ODE I shtmvn heiow between [w(1 humdarv value:;
vletl ;In(l vrlghl:



ut~ll~lnllllic:ltitln hy software. There are several iypes of sockets hut [he
most important for upplicafions i]re the user datagram protocol [UDP) and
the transmission control protocol mcp).

[ IDP sock~ls uw mjni.nl~ overhe~tJ and me ftistbuI unreliable, wkreiw

TCP sockets guarantee Ihat infommtion senr will arrive and be in the right
[mler independent of the physical inure raken. Sockets can also send data
~nli of hiul(l ( OOB ). (XIB da[a nmy be signals. intenupts. synchronizatiol~
parameters. and so forth. O(3B data shows up M fast as possible,
indqemkn[ of’the s[o[e of other diua being senr over iI socket descriptor.

“T(J use sockers one musf learn nlmur intemer addresses and how the C
progrirnllning language handles i/o (which is USUUIIVmore complicated thn
I;tmrwl ii{)). ..J simpler mechanism for getling from L process on one
IN;U.IIIIWI(J ;I process (Ml a.m}rher machine is the RE,XEC. RE.XEC is il
sysiem u;d1 that sinrts u? n process on n remme machine from u C program
nlnllillp (Mi :1 I(wII machine and connects t!le standard input (and ourput of
Ilw renl(m proce*- to rhe socket ~lescripmr returned hv the RE.XEC call.

“IIIC simplic.ily imd small iun(>uIl[ (If” c(de needed for doing RPC”S. IPC “s.
WMIR F..XF,(””\ IIW:UIS c-de ~iitl he In(dulitr id flexible i~(l therefore the
Il]illilllill \(~tt\~ilre for il given fumxionuliry. This is one of the most impona.m
t~ilt[tr~~ (1( [ lmx. ‘ilw motivmion t’or this hrrvify is that Llnix wms origimdly
(l~\’Lal(IIX’(l (Ill il leIeI~~ Still nliflin]i]l verbiage/c”ode to do what one wants
1[1 (lo. ;UN1 I’eiltlires like l]i~lle hi(iing ( :i~iiiltihle in idl window systems)
;Ill(I\v II% ItJ inik~ our progriulls more tlexihle nnd structured. Numerical
iIIl:Il~sI\ C;II1 ids(l k il(lvi~~~(l ~~ c(mcepts i~id[}~(}us [(~ Llnix handles files
WI pr(lc.esscs, Processes lliive life. Th:u is they come into existence, have
IIWII (lWWwqmrnt~ Instruction set sepiw:lte from other processes, iul(l Iun
IIhh”pMI(lmllv (It (Illwr prm.esses, Sinliliul\’ tiles huve posilitm iUl(l SpilLX’,

:\llll(Nlgll il t“ilr III;IV rmdr (Ill l?lilll~ l.lifferenl (llsks. il hilS il simple I{}gic;li
llilll)L’/lll(lllC :l(l(lrr~s s(l it Ill:ly he ret’erred I() ilS il u(mtiguous elltilv. [ Inix
JLl(ml@ldl L”\ 1111s lltml~~penellv hy usj[l~ the powerful ctmcepr t>f
ll{lllll(”l\l~l
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[hlwl}’ (~t us hove generated tlm images of nmhematics/engineering 10
shmv on a movie pro=lector. Pro~ctors generally run at 24 frmnes/second so
the il]rerpolation m ger real time is a simple algebraic problem. This method
is 1101 interactive since we must wait for the film to be developed to see
\Vllill we” \~egene ratet!.

W~ ~.nn (10 :] more crinrrollable iulimation on raster based workstations
heC;IUSe of their Kfres]l capability. Motion can be produced by writing

wccessive images into memory and copying these images from memory to
[he screen using the polling function. We have produced sofiware 10 make a
<ilw \\”;I\Jc move i~~r~ss the screen in this way. Frequency and amplitude
w ~.o[mol led Ily sIiders that change the appropriate images in memory
w’lwn the}’ me mi~uste(l by the user. The lines that represent the sine wave
;Irc llrmvn iwo dleir corresponding memory locations and another procedure
[hilt u(yNes these imuges to the screen is called as often as possible using
Ilw Idling function, Thus the sine wave appears to move across the
iv in(l(l~v

Tl~is term ~d’ animation is limited to rectangular regions of the screrm
IYCWIW of Ihe memory to screen mapping software, Tme random pixel
:IUCFSSc:m be iwhieved hy opening the workstation “s frame buffer device
(Iriver. ;lll(}~ilfi[lg virtual memm-y using VALLOC, imd mapping a variable to
Ihnt llwm(~ry representing the screen memory IIsing MMAP. Then as the
\’;lri;lllle is changed. corresponding pixel locations are changed. There are
i]~]remls (w \~’rites ;ud so screen chirnges happen m memov rates

Conclusion

III l(mclu~l(m. ue tlilVF shown how lPC’s. distributed processing. and Ilnix
Iiliers LiIII nl;ke numerluid imdvsis mm-e pm(luct ive. ln the hJture we h(qw

10 ll\l’ iIN id~lmu lwienrt=(l I;ulguuge like C’++ [61 [o make libraries thi]t
\lll]ptit\ ~(]llllll(llllc;lti(]n iul(l synchronization of processes S(I everyme does

11(}1 nil V~ lo Idiltll flw l(~wesl level u(mununicatimls in order 10 (10 his
IWIIh~IIIWIL\ (111 Iwteropene(w lllilchirle~ connected hv either Ethernet or
hlgll qler(l hlsl”s I)mrrihufe(l operntmg ~vstems like DIINIX 17] will pluv
;111 Imrbilslllglv Illl[lollillll role In Illilkillg distrilwned processing more

l;lll~llil~t” 11’;lllSll;ll”Fllt ;111(1 1’lSUill plogrilllllllltlj! ~wntml environments Iii.
\“( )[ IS IHI tt.[11ll~lpr(}ve Ihc [(IIlg ld;Imlllg curve I1[IW llCCeSSil~ i[l (mr Vilrl~(l

~Vi~pl:llllllllllp t’ll!’ll!lnlllclll



lwhniques described in this ptiper we ctin potentially solve coupled partial
differential equmions by clistributing the individual equations solvers to
sep:lrilte CPU”s. Shared boundary can be communicated at ii sustained
nomintil raw of I n~egabit/sec. and synchronization signals can be pawed
wound so that one computer controls all the integration and communication
mtiviry. II*order to make the data recognizable we can send the dat~ to yet
iulother processor that is taking the physical variables, such as pressure
ml the 3 components of velocity. and doing funher mathematical
processing m produce infcmtmrion in a fcmn that may be assimilated into n
Il;dwittt grilphi~s engine capidde of rendering the visual images in real
tinw.

This hiirdware has the c~pahility m rerder 3 dimensional surfaces anri
roture them quickly using a knob box. Therefore, in the near future we hope
10 be illllt to recogmze where our numerics need more resolution by
customized representations of derived quantities such M the diverpei~ce
;Ind vmlicitv of a flow.

By q>pmpriti!e twmmunicaticm belween computem and people wc can

il~hieve mi~y interesting upplicmions with the hardware tools becoming
il~ilililt)l~:11 an ever increasing rate. Without this communication. however,
UY will continue [o tun nothing more innovative than benchmark routines cm
computers \\’ith speeds approaching 100 megaflops or pictures of teapots
(m high powered graphics engines capidde of’ renderin~ variably transparent
l-(lilnellsi(~llal surfaces with light sources in red rime.
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